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ENGINEERING PROTOTYPE DEVELOPMENT FOR POWER MANAGEMENT AND CONTROL 
A com?rehensive automation design is being developed for Space 
Station Freedom’s electric power system. A joint effort between 
NASA‘s Office of Aeronautics and Exploration Technology and NASA’s 
Office of  Space Station .Freedom, it strives to increase station 
productivity by applying expert systems and conventional algorithms 
to automate power system operation. The initial station operation 
will use ground-based dispatchers to perform the necessary command 
and cclntrol tasks. These tasks constitute planning and decision- 
making activities that strive to eliminate unplanned outages. We 
perceive ar, opportunity to help these dispatchers make fast and 
consistent on-line decisions by automating three key tasks: failure 
deteccion and diagnosis, resource scheduling, and security 
analysis. E:e:pert systems will be used for the diagnostics and for 
the securizy analysis; conventional algorithms will be used for the 
res3urce  sched2lins. 
To demonstrate t h e  benefits of automating these tasks we plan to 
o2eraL.E t h e  S p ~ i e  SLacion Freedom Power Test-Bed using our 
prococype azzcnia:ior. techcology in our Engineering Support Center 
(a missicn c n n t r o i  type of environment). In addition, we p l a n  to 
aernonstrsts cocperative problen: solving beEween this test-bed and 
-ihe Commor: Module Power Distribution Test-Bed located at the 
Marshall Spzce Fliqht Cezter. These latter demonstrations will 
investigace i;sing expert systems that cooperate to diagnose 
f a i l c r e s  whcse effeczs propagate across system boundaries and that 
coopera-ie to recover and restore the performance lost through such 
failures. 
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CONTROLLING SPA-CE POWER SYSTEMS 
Many similarities between the space station's power system and 
terrestrial power utilities are apparent. Both systems incorporate 
generation, storage (usually a pumped water reservoir for the 
terrestrial -- batteries for us), transmission lines, circuit 
breakers, and power consumers. Both systems rely heavily on human 
decision-making f o r  safe, economic operation. But, the strategy 
that controls the operation of the two systems is fundamentally 
different. This difference arises at the power supply. 
In terrestrial urilities, ample generation is usually available for 
the demanded loading; when it is not, power is purchased from the 
grid. The contrsi strategy is to modulate generation capacity to 
match the demar,d,s changes. Any shortage is covered by interchange 
with the grid. Every effort is made to meet the load demands by 
managing z k e  irijeetion of power into the transmission network. 
Controlling tr-e loads themselves is reserved for extreme failures 
wher, there IS nc acceptable alternative. 
The space st2::3,r.'s pgwer s ~ ~ s t e n  has no tie-line to a neighboring 
utility . Ger.erat I s n  carno: be modulated to accommodate demand as in 
electric g t i l i t y  coapaRies. The power aboard the spacecraft is 
produced b y  t h e  s 3 l a r  energy conversion systems which are 
conCrolled to rna:.:lmize e n e r g y  producxion. With solar power systems 
producing o r i l y  about 7 watts of power for every kilogram of 
equipmen:, Space S t a i i c n  Freedcm will never grow to be a power rich 
environmect. This makes space power an expensive, limited resource 
to be judiciousfy allocaced among the on-board users to maximize 
payload przductrvity. Energy utilization is controlled by adding 
and deleting l o a d s  fron! the system. This requires that the load 
demand be as GeterrninaEe as possible so that each watt can be 
allocated. Ai:.h~cg?i this procedure maximizes payload productivity, 
it generates an extremely difficult scheduling problem aboard 
complex spacecraft such as Space Station Freedom. 
The goal of building a Space Station as an infrastructure for space 
research compiicates the scheduling problems even further. 
Previous spacecrafc have been dedicated to specific pre-determined 
research environment requires the flexibility to generate detailed 
schedules zkrscghout a thirty year span. Space Station Freedom must 
provide jcst s u c h  an environment and reap the concomitant 
development challenges. 
experiments whose schedules are maximized before flight. A 
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WHY ADVANCED DEVELOPMENT ? 
The Space S t a r i o r ,  pr ime program has  many d i f f i c u l t  p roblems t o  
s o l v e .  The e l e c t r i c  power system i t s e l f  h a s  endured  t h e  
c o m p l i c a t i o n s  o f  a major  component change from 20  kHz AC 
d i s t r i b u t i o n  t o  DC G e n e r a t i o n  and d i s t r i b u t i o n .  Added t o  t h e s e  
problems a r e  t h e  more recent r e s t r u c t u r i n g  a c t i v i t i e s  which 
emphasize ground c o n t r c l  i n s t e a d  of f l i g h t  c o n t r o l .  A l l  of  t h e s e  
f a c t o r s  distract L n e  pr ime program from a d d r e s s i n g  p r o d u c t i v i t y .  
O v e r a l l ,  t h e  major  d e s i g n  o b j e c t i v e s  f o r  SSF ' s  e l e c t r i c  PO 
s y s t e m  a re  t o  b u i l d  a f a i l - s a f e  s y s t e m ,  t o  o p e r a t e  w i t h i n  
t o l e r a r i c e s  t h a t  p r o v i d e  t h e  r e q u i r e d  amount of e n e r g y ,  and  t o  
c r e a c e  a power s y s t e m  t h a t  w i l l  be p r o d u c t i v e .  The pr ime program 
must f i r s t  f o c u s  on t h e  s a f e t y  and c a p a c i t y  o b j e c t i v e s  t h a t  create  
a working,  r o b u s t  f l i g h t  power s y s t e m .  U n f o r t u n a t e l y ,  t h e  
p r o d u c t i v i t y  i s s u e s  do n o t  r e c e i v e  t h e  same a t t e n t i o n .  T h e  
advancec development prcgram h a s  t h e  l u x u r y  of a v o i d i n g  t h e  d i r e c t  
deve lopmenta l  issdes and cia spend i t s  r e s o u r c e s  on i d e n t i f y i n g  and  
b u i l d i n g  p r o d i l c t s  t h a t  w i l l  work w i t h  t h e  f l i g h t  power s y s t e m  t o  
a3;lg;r.er.t I t s  c a p 2 b : l i t i e s  and enhance i t s  p r o d u c t i v i t y  f o r  t h e  l o n g  
Lerx. & 
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MAJOR OBJECTIVE: M A X I M I Z E  PRODUCTIVITY 
Our major objective is the maximization of productivity which 
manifests i t se l f  as efficient and effective operation of the Space 
Station. To accomplish this we consider two subobjectives of 
productivity: maximization of resource availability and 
minimization cf operating costs. Maximization of power 
availability combines a maximizacion of usage and a minimization of 
restoration time. Tc maximize usage we consider load scheduling to 
be o u r  primazy strategy. With it we plan to devise a flexible tool 
which will be able to autcmaticaily schedule this scarce resource 
throughout the envelope of changing operational configurations. To 
minimize restoration time we are developing several diagnostic 
t o o l s  t s  in-Jesti9ate the merits of different approaches to 
determine failure causes. Wich stronq diagnostic aids a t  hand, an 
operazcr wi-l i ~ p r o v e  his abilities to respond to anomalies, 
whether he is grocrld-based o r  a member of the crew. To further 
augmer,t tk.e abilities of the cperator we are developing replanning 
t o o l s  wh:ch WII- rec=c:nmer.d possi~le remedial options after a fault 
has o c : ~ ~ r r e s  GL- if h po=er,tial problem is brewing. Minimizing 
operz.c:ng C ~ S ~ S  c:rr.bines operacing =:?e power system as close to 
n9rr.Lr.a: 3s FCSS-L:? z:-id nir.~:nizinc; the amount of involvement of the 
Gperaczr. h i : r ~ : ~ & l  operatioris may be traded for performance, 
especially ir, emergency situatlons involving crew. The major 
componenz of che rower system that involves costly maintenance is 
the batteries. Opci~izinq battery usage will increase battery life 
and reduce tl---s expenses invclved in removal and installation of new 
batteries. O F e r a E = ) r s ,  whether grounc! based or flight crew, have 
significant duties to perfarm. We can minimize their involvement 
ir! rauzine ?cr ier  systen operations by providing expert system 
cons;lta=isn d i r i n q  recsr!figuration and replanning. 
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POWER MANAGEMENT AND CONTROL AUTOMATION 
In the fall of 1990, Congress mandated an eight billion dollar 
budget reduccion f o r  the Space Station Freedom Program. To meet 
this reduction, NASA has reduced the scope of the Space Station's 
objectives. One of the strategies was to move automation from 
aboard the space station to the ground control center. This new 
baseline design places the ground-based flight controllers as the 
principal decision-makers in the moment-to-moment operations. To 
make quaiity decisions, these flight controllers must have an 
acumen sharpened through years of experience. We believe that 
expert syscems can capture much of this knowledge and help the 
flight controllers to make faster and more consistent decisions by 
reducing their ccjgnitive workloads. 
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POWER CGNTfiGL CENTER CONCEPT 
Our c o n c e p t  fcr g r o u n d - b a s e d  c o n t r o l  f o c u s e s  on  p a r t i t i o n i n g  t h e  
c o n t r o l  d e c i s i o n s  f o r  t h e  e l e c t r i c  power s y s t e m  i n t o  f o u r  d e c i s i o n -  
making e n t i r _ i e s .  The f i r s t ,  t h e  f l i g h t  s u p p o r t  s y s t e m ,  i s  
r e s p o n s i b l e  fc r r  i s s u i n g  t h e  commands t o  t h e  e l e c t r i c  power s y s t e m  
a b o a r d  t h e  s p a c e  s t a t i o n .  I t  m o n i t o r s  t h e  s y s t e m ' s  s t a t u s  a n d  
p r o m p t s  the f l i g h t  c o n t r c l l e r  f o r  a p p r o p r i a t e  r e s p o n s e s .  T h i s  i s  
t h e  f a s t e s t  r e s p o n d i n g  c o n t r o l  s y s t e m .  When a d d r e s s i n g  f a i l u r e  
e v e n t s ,  t h i s  s y s t e m  must de tec t  t h e  f a i l u r e  a n d  i s o l a t e  a f fec ted  
s y s t e m s  s o  E h a t  che s t a t i o n ' s  i n t e g r i t y  is  n o t  j e o p a r d i z e d .  I n  
a d d i t i o n ,  t h e  c o r r e s p o n d i n g  f l i g h t  r u l e s  must  be e x e c u t e d  t o  
m i n i m i z e  s y s t e m  d e g r a d a t i o n .  Three o t h e r  s y s t e m s  are u s e d  t o  a i d  
t h e  command a n d  c o n t r o l  a c t i v i t i e s  of t h e  f l i g h t  s u p p o r t  s y s t e m .  
These  syscems i?re s l o w e r  t o  r e s p o n d  t h a n  t h e  f l i g h t  s u p p o r t  s y s t e m  
and  p e r f o r m  a e t a i l e d  e v e n t  a n a l y s e s  ( d i a g n o s i s  a n d  s e c u r i t y  
a n a l y s i s )  ar.5 c p e r a c i o n s  p l a n n i n g  ( s c h e d u l i n g ) .  The d i a g n o s i s  
systerr ,  u s e s  a v c l i l a b l e  L e i e m e t r y  da ta  t o  d e t e r m i n e  t h e  most  l i k e l y  
c a u s e  cf a f a l 1 ~ 1 - e .  The s e c u r i t y  a n a l y s i s  s y s t e m  c o n d u c t s  
c o n z i n g e n c y  ( " K h a t  ~ f . .  . ? ' I )  a n a l y s e s  t o  d e t e r m i n e  t h e  r i s k  of  
c o n c i n x e d  operaCi .cn .  The r e s u l c s  of t h e s e  e v e n t  a n a l y s e s  a l t e r  t h e  
9 c3rts t r3i : - . ts  z.nd n i s s i o n  o b j e c t i v e s  which  i n  t u r n  r e q u i r e  
a r e v i s e d  o p e r ~ : r . q  2lan. The s c h e d u l i n g  s y s t e n  p r o v i d e s  t h i s  p l a n  
b y  a l l o c a t i n g  r e s o h r c e s  a c c o r d i n g  t o  t h e  c o n s t r a i n t s  i d e n t i f i e d  by  
t k e  e v e n t  analysis s y s t e m s .  Human o p e r a t o r s  c o o r d i n a t e  t h e  
e x c h m g e  o f  :nfzrrr .acicn arr.ofig these f o u r  s y s t e m s .  
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PRODUCTION SYSTEMS FOR DIAGNOSIS 
The diagnostic system is an expert system that uses set-covering 
rather than a series of if-then r u l e s  to encode t he  failure 
knowledge. In this software, a data base linking all known system 
failures to their known symptoms is built and searched to generate 
the failure cause hypotheses for observed symptoms. Antecedent 
driven rules control hypotnesis generation and determine the most 
likely cause. Nonmonatonic inference is implemented using reasoned 
assumpcicns and rule conflicts are identified and resolved using 
Petri net trmsitions. The failure knowledge, however, is stored 
as daEa and is easily maintained. This diagnostic system uses a 
standsrd reliability analysis tool -- the failure modes and effects 
analysis -- ta produce the symptom and failure data base. Symptoms 
are dezecr,ej us:r.g rule-based classifiers which process the 
telernetered measurements. 
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SECURITY ANALYSIS 
System security analysis is a risk assessment. It examines the 
liabilities cf continued operation by identifying contingencies and 
estimating Eheir consequences. The contingencies are either sudden 
disturbances or gradual performance degradations that could lead to 
overloads, voltage degradation, source shutdown, or load shedding. 
If the risk of continued operation is judged acceptable, the system 
is classified "secure" and system operation proceeds according to 
the current plan. If there are risky contingencies, the system is 
judged "insecure" and preventive control strategies are 
recommended. 
Three distirct activities are required to analyze system security: 
1. Generate and test contingencies: Worrisome failures that are 
present u n d e r  all operating conditions as well as operating-state 
dependent failures such as transmission outages are compiled and 
submirted for a n z z l y s i s .  The analysis calculates the operating 
margins for eazh  cf these feilures. 
2. Project z r e r . 3 ~ :  i n z i c i e n r _  farlures suck as gradual degracatioK 
in battery sc,?~-a.rre cspacity or inconsistencies between proposed 
consumpEicc apci prcdxction are detected by specialized software. 
The anoma1:es ai-e f2recaszed and added to the list of contingencies 
to be analyzes at chat time. 
3. Judge security: A "system". is secure if there are no 
contingencies that result in an emergency state. If the operating 
margins calculated in the analysis are insufficient, the system is 
judged "insecsre" and coctrol actions are recommended that will 
attain an accepEabie operacing risk. 
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N I H 2  BATTERY HEALTH M O N I T O R I N G  SYSTEM 
A s i g n i f i c a c z  par: of t h e  s e c u r i t y  a n a l y s i s  problem i s  m o n i t o r i n g  
t h e  n e i l t h  of c h e  b a t t e r y  s y s t e m  and p r o j e c t i n g  any l o s s  of 
c a p a b i l i t y .  A b a t t e r y  h e a i t h  mon i to r ing  s y s t e m  i s  b e i n g  deve loped  
t h a t  d e t e c t s  anomal i e s  i n  t h e  ba t t e r i e s ,  p r o v i d e s  problem 
d i a g n o s i s ,  and p r c  j e c t s  e x p e c t e d  l i f e  estimates. T h i s  sys t em u s e s  
a combina t ion  o f  a n a l y t i c  models and t a b u l a t e d  a g i n g  
c h a r a c t e r i s t i c s  t 3  i d e n t i f y  i n c i p i e n t  f a i l u r e s .  Three  t r e n d s  a re  
m a i n t a i n e d :  s h o r t - t e r m ,  medium-term, and  long-term.  
The s h o r t - t e r m  t r e n d  d a t a  ( 3  o r b i t s )  address b a t t e r y  c u r r e n t  and  
v o l t a g e ,  c e l l  p r e s s u r e  and t e m p e r a t u r e ,  and d e p t h  o f  d i s c h a r g e .  
The d a t a  a r e  srnocthed. Trends  a r e  i d e n t i f i e d  and  compared w i t h  
r e s -d l t s  frar. a n  e r r ~ i r i c a l  a n a l y z i c  model of t h e  b a t t e r y .  D e v i a t i o n s  
a r e  used  t o  a e t e c ~  e v e n t s  such  a s  s e n s o r  f a i l u r e ,  c e l l  s h o r t  
c i r c u i c ,  and  c e l l  r u p t u r e .  
Medlsm-term (100 o r b i t s )  ar.d long-zerrr. ( 3 0 0 0  o r b i t s )  d a t a  address 
c e l l  p r e s s u r e s  and v o l t a g e s  a t  t h e  e n d  of t h e  c h a r g i n g  p e r i o d  and  
a t  t h e  e n 2  cf tk .e  discnarging period, r e c h a r q i n g  r a t i o ,  Watt-hour 
e f f i c i e n c y ,  o e ~ z h  cf discharge, and c e l l  t e m p e r a t u r e s .  These d a t a  
a r e  s,?loothed and r r e n c s  a re  i d e n t i f i e d  and compared w i t h  t h e  
b a t t e r i e s '  e :<pec ted  ag ing  c h a r a c t e r i s t i c s .  The compar isons  detect  
t h e  anomal i e s  thE.r, deve lop  ove r  many o r b i t s  such  a s :  c e l l  s o f t  
s h o r t ,  sl3,w c e l l  l e a k ,  h i g h  i n t e r n a l  r e s i s t a n c e ,  i n t e r n a l  
c o  r r  c! s i c r. I c -. ._. . -  E? s s 1 ve Zvercharge ,  abnormal ly  h i g h  o p e r a t i n g  
t e r i p e r a t u r e ,  3 r d  gradual l o s s  o f  cha rge  c a r r y i n g  capaci ty .  
The sys tem d i s p l a y s  these h e a l t h  t r e n d s  and  a l e r t s  t h e  sys t em 
o p e r a z o r  s h o u l d  tl-,ere be a n y  d e v i a t i o n s  from t h e  e x p e c t e d .  
870 
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SYSTEM MANAGEMENT AND SPACE STATION FREEDOM AUTOMATION 
One of the key concepts in our automation scheme parallels the 
system mansgemect approach to project management and design. This 
approach is utilized in our scheduling tool by incorporating a two- 
level hierarchy far distributing the computational requirements and 
the regions of responsibility. The hierarchical design resembles 
the manager and subordinate with respect to their roles and 
responsibilities. This system is based on the concept of 
participative mansgernent where the manager describes the work to be 
done ana theri  Leaves the subordinate alone while the work 
progressss. Communic6tion between the levels is minimized. 
Detailed informaricn resides with the person who will be using it. 
In this f s s h i z n  w i t  bilild a computer system that can be distributed 
across differen-, rnachizes reducing computational overload and 
m i r . i r n i z i n g  dclra p6ssicg. . . .  
Along w i t n  distribxting o ~ r  scheduling process, we are defining an 
explicit value system to be used in evaluating the proposed 
schedcles. X s i n t a i n i n g  the separation of  responsibility each 
subordinate systen: will rmintain and define its value for a 
Each s x b s y s t e r ~  w : l i  n.aintair, its own system integrity and evaluate 
schedules w i ~ h  respect t o  its own system level constraints. These 
evaluations xi11 k? passed up to the higher level where they will 
be interpreted wlzhin t he  context of the entire system rather than 
Ehe l o c a l  point: of triew. 
s pe c 1 f 5 c s .y 2 6 .A ’ -e ~\k:ch can be interpreted on the higher level. 
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FREE MARKET ECONOFY MODES, FOR SCHEDULING RESOURCES 
Using t h e  s y s t e m s  management approach  w e  have  deve loped  a va lue -  
d r i v e n  d i s t r i b u t e d  s c h e d u l e r  t h a t  models a f r e e  marke t  economy. 
T h i s  s c h e d u l i n g  t e c h n i q u e  i s  based  upon t h r e e  a g e n t s ,  r e s o u r c e  
s u p p l i e r s ,  r e s o u r c e  consumers and an o v e r a l l  market  c o o r d i n a t o r .  
The r e s o u r c e  s u p p l i e r s  a r e  t h e  v a r i o u s  subsys tems on t h e  Space  
S t a t i o n .  Tney m a i n t a i n  t h e i r  l o c a l  sys t ems  and e v a l u a t e  p roposed  
s c h e d u l e s  based upon usage  o f  t h e i r  r e s o u r c e .  Consumers a re  t h e  
p a y l o a d s  and  v a r i o u s  housekeeping  tasks  a b o a r d  t h e  Space  S t a t i o n .  
Each consumer describes t h e  v a r i o u s  o p t i o n s  f o r  each desired 
a c t i v i t y  a l o n g  w i t h  d e f i n i n g  a s p e c i f i c  numer ic  v a l u e  f o r  e a c h  of 
these o p t i o n s .  The schedule i s  d e t e r m i n e d  by s e t t i n g  i n i t i a l  
p r i c e s  f o r  e a c h  r e s o u r c e  chroughout  t h e  s c h e d u l i n g  h o r i z o n  which 
a r e  s e n t  r,o esck of t h e  cor.sumers. The consumers e v a l u a t e  how much 
each  of t?,e;r o ~ 3 t i o n s  wcu ld  c o s t  and choose  t h e  one w i t h  t h e  
h i g h e s t  n e t  k~pefit where n e t  b e n e f i t  i s  t h e  d i f f e r e n c e  between t h e  
v a l u e  of t3e 2 p t i r . n  m i n u s  t h e  c o s t  of t h e  r e s o u r c e s  used .  The 
s e l e c t e d  CFC iscs a r e  a g g r e g a t e d  b y  t h e  market  c o o r d i n a t o r  who s e n d s  
t h e  a p p r o p r i a r e  t c t a l  usage  p r o f i l e  t o  t h e  r e s o u r c e  s u p p l i e r .  Each 
s u p p l i e r  :=~ jC.s 2: t n e  Froposed  s c h e d u l e  of  usage  and compares it t o  
what h e  k-ci.I: he  can  supp ly  th roughou t  t h e  o r b i t .  H e  w i l l  t h e n  
send  a set cf p r i c e  a d j u s t m e n t s  t o  t h e  m a r k e t  c o o r d i n a t o r  t o  d r i v e  
usage t o  h i s  s p e c i f i c  a b i l i t i e s .  H i s  g o a l  is t o  maximize usage of 
h i s  r e s o u r c e ,  o p e r a t i n g  n e i t h e r  i n  a d e f i c i t  n o r  i n  a s u r p l u s  
c o n d i t i o n .  T h e  market  c o o r d i n a t o r  c o n t i n u e s  t h i s  i t e r a t i v e  p r o c e s s  
u n t i l  t h e  p r i c e s  converge  a n d  t h e  s c h e d u l e  o p t i o n s  are s tab le .  
One of t h e  k c e f l t s  3f t h i s  approach  i s  t h a t  t h e  e x p l i c i t  v a l u e  
s y s t e m  can  be Gsed t o  i d e n t i f y  how good Lhe p roposed  s c h e d u l e  i s  
b e f o r e  t h e  s o i u t i c n  h a s  converged .  Consumers and s u p p l i e r s  d e f i n e  
u t i l i t y  f u n c c i o c s  t h a z  a re  used  t o  e v a l u a t e  t h e  p roposed  o p e r a t i n g  
c o n d i t i o n  g e n e r a t e d  b y  each proposed  s c h e d u l e .  The u t i l i t y  
f u n c t i o n s  a r e  senE c o  t h e  m a r k e t  c o o r d i n a t o r  who c a n  e v a l u a t e  t h e  
e n t i r e  s t a t e  cf t h e  Space S t a t i o n  o p e r a t i o n  and decide whether  o r  
n o t  t o  c o n t i n u e  i t e r a t i n g .  Schedu l ing  needs  t o  be r e s p o n s i v e  t o  
d i f f e r e n t  o p e r a t i n g  s t a t e s  of  t h e  Space S t a t i o n .  Some s c h e d u l e s  
w i l l  be r o u t i f i e ,  o t h e r s  w i l l  be emergency s c h e d u l e s  needed v e r y  
q u i c k l y  t o  r e t u r n  t o  a s e n s i b l e  o p e r a t i n g  c o n d i t i o n .  Using 
explicit v s l u e s  and u c i l i t y  f u n c t i o n s  a l l o w s  us  t h e  f l e x i b i l i t y  t o  
p r o v i d e  fcr i ra?y  d i f f e r e n t  o p e r a t i o n a l  s c e n a r i o s .  
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POWER CONTROL CENTER CONCEPT - REVISITED 
To r e v i s i t  t h e  mot ives  beh ind  o u r  program, w e  have responded t o  t h e  
Space S t a t i o n  r e s t r u c t u r i n g  e f f o r t  by f o c u s s i n g  o u r  p r o d u c t s  as 
groufid-Lased tor j l s  f o r  o p e r a t o r s .  W e  see t h e  u s e  of o u r  
i n t e l l i g e n t  dec is ion-making  a i d s  a s  improving t h e  o v e r a l l  S t a t i o n  
p r o d u c t i v i t y  by e n a b l i n g  d e c i s i o n s  t o  be made f a s t e r  and  more 
a c c u r a t e l y .  
W e  have been  i n v e s t i g a t i n g  t h e  E n g i n e e r i n g  Suppor t  C e n t e r  a t  LeRC 
a s  o u r  p o t e n t i a l  s i t e  f o r  t h e  power c o n t r o l  c e n t e r .  Using t h e  ESC 
w e  w i l l  be a b l e  t o  communicate d i r e c t l y  t o  t h e  LeRC Power 
Management t e s tbed ,  as  w e l l  a s  r e c e i v e  a c t u a l  t e l e m e t r y  when 
a p p r o p r i a t e .  I n  t n i s  environment  w e  w i l l  a l s o  be able  t o  l i n k  t o  
t h e  MSFC pay load  o p e r a t i o n s  c e n t e r  and exchange d a t a  n e c e s s a r y  t o  
c l i a p o s e  and r e c o v e r  from power s y s t e m  f a i l u r e s  t h a t  p r o p a g a t e  from 
t h e  p r imary  s y s t e m  i n t o  t h e  secondary .  
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MSFC -- LERC COLLABOWTION 
Development of  d i f f e r e n t  e x p e r t  s y s t e m s  f o r  t h e  power s y s t e m  on 
board  t h e  Space S t a t i o n  h a s  been a d i r e c t  r e s p o n s e  t o  t h e  
programmatic  p a r t i t l o n L n g  o f  t h e  pr imary  power sys t em g e n e r a t i o n  
and s t o r a g e  and d i s t r i b u t i o n  from t h e  secondary  power d i s t r i b u t i o n  
ne twork .  This p a r t i t i o n i n g  has  p rov ided  a manageable s u b s e t  of t h e  
system fc ; r  e a c h  cf t h e  d e v e l o p e r s .  However, c e r t a i n  f a i l u r e s  w i l l  
p r o p a g a t e  a c r c s s  these s y s t e m  b o u n d a r i e s  and  it is  n e c e s s a r y  t o  
beg in  i n v e s t i g a t i o n  o f  these e f f e c t s .  
A d a t a  l i n k  between tes tbeds a t  NASA-LeRC and NASA-MSFC has 
p rov ided  i n f o r m a t i c n  L O  b e g i n  these i n v e s t i g a t i o n s .  T h i s  l i n k  has 
been used  t c  d e m o n s t r a t e  c o o p e r a t i n g  expert  sys t ems  d u r i n g  t h i s  
p a s t  year. T h e  a e m o n s t r a t i o n  addres sed  a power g e n e r a t i o n  f a i l u r e  
t h a z  r e q c i r e d  t h e  secondary  s y s t e m  t o  per form i n t e l l i g e n t  l o a d  
shedding  a t  :he module l e v e l .  We a r e  p l a n n i n g  t o  c o n t i n u e  this 
e f f o r t  by i n v e s r - i q a t  inq f a i l u r e s  t h a t  r i p p l e  th rough  t h e  secondary  
d i s t r i b u t i o p  a r d  whose r e c o v e r y  r e q a i r e s  c o o p e r a t i o n  between b o t h  
syszexns. I n  -,he c2nte :c t  of t h e  c o n t r o l  c e n t e r  envi ronment  w e  a re  
no; p l an r . i ng  ar:; cirecr, Eescbed l i n k s  f o r  t h e  coming y e a r .  W e  want 
t o  s t c d y  hoii t: c c o r d i n a t e  Ehe er . t ire power s y s t e m  o p e r a t i o n  u s i n g  
t h e  c o n t r c l  c e n t e r  envi ronment .  T h i s  w i l l  p r e p a r e  u s  f o r  rea l  
o p e r a r i o n a l  c c e n a r i o s .  
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LeRC POWER MANAGEMENT AUTOMATION EVOLUTION 
When t h e  Space S t a t i o n  program began, t h e  e l ec t r i c  power s y s t e m  was 
a 20kHz AC d i s t r i b u t i o n  sys t em.  P i o n e e r i n g  work had  been  done a t  
LeRC i n  deveiopment  of  t h i s  t echno logy .  Many power sys t em experts 
were a v a i l a b l e  t o  p r o v i d e  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  i n t e l l i g e n t  
c o n t r o l  and d i a g n o s t i c  tools. Our program t o o k  advan tage  of t h e s e  
f a c t o r s  and deve loped  a d i a g n o s t i c  t o o l  i n  KEE for 20kHz s w i t c h g e a r  
which conmunicated w i t h  a s c h e d u l e r  f o r  r e p l a n n i n g  usage  a f t e r  a 
s y s t e m  f a i l u r e .  These t o o l s  a l s o  communicated d i r e c t l y  t o  p r o t o t y p e  
Ada f l i g h t  code c o n t r o l l i n g  2 0  kHz s w i t c h g e a r .  Development of 
these p r o d u c t s  a n d  t h e i r  i n t e g r a t i o n  has  p r o v i d e d  u s  w i t h  v a l u a b l e  
i n s i g h t  i n r o  t h e  problems t h a t  can o c c u r .  T h i s  work c u l m i n a t e d  i n  
an i n t e g r a t e d  demDnst ra t ion  w i t h  a MSFC testbed o v e r  a l o n g  
d i s t a n c e  c o r m z x i c a t i o n  network.  The p r o d u c t s  from t h i s  work are 
b e i n g  n o d i f i e d  :c8 app ly  to t h e  DC t es tbed  c o n f i g u r a t i o n  and w i l l  
a lsc ,  be inzeqr3 t ted  in -o  the power c o n t r o l  c e n t e r .  
. ?  P a r a l l e l  e r f c r - : ~  13ejar-i wher: t h e  Space S t a t i o n  program s w i t c h e d  from 
20kYz AC t j  D7 districuticr.. A d i a g n o s t i c  p roduc t  u s i n g  ART was 
devel2i:e2 h l : : . ~  fi:: c *v 'a lue-cr iven  schedcler a2d t h e  b e g i n n i n g s  of 
t h e  s e c : ~ :  i t y  ~ : - ! ? i y s i s  S ~ ~ S E ~ T , .  T h e s e  p r o d u c t s  had been  t a r g e t e d  f o r  
i n t e g r a t i c n  w i t h  C ~ P  DC t e s tbed  d i r e c t l y  ils a d e m o n s t r a t i o n  of  
t h e i r  pc tenz i3 i l  u s e  as f i i g h t  dec is ion-making  a i d s .  Due t o  t h e  
r e s t r u c t u r i n g  e f f o r c s  ar.d t h e  c u r r e n t  emphas is  on ground-based 
c o n t r o l ,  w e  have r e e v a l u a t e d  t h e  t h r u s t  of  o u r  program. W e  are, 
however, c s n t i n u i z r j  with i n t e g z a t i o n  o f  o u r  p r o d u c t s  and  t h e  DC 
tes tbed d i r e c t l y .  T h i s  serves as  a p r e l i m i n a r y  s t e p  b e f o r e  
in t eg ra ' ,  Fag w i t h  t h e  L e R C  e n g i n e e r i n g  s u p p o r t  center, t h e  ESC.  W e  
a r e  d e v e l c p l c g  t h e  i n t e r f a c e s  r e q u i r e d  t o  make a n  i n i t i a l  
conrnunicacian p a t h  be tween  ou r  advanced development  machines  and  
t h e  tes-,beii  ccr?rr:l ccrnputer u s i n g  i t s  c g r r e n t  o p e r a t o r  i n t e r f a c e  
s y s t e m  p r o : J c s l .  Tsstbed w o r k  i s  v e r y  i n t e n s e  a t  t h e  moment and  
t h i s  approach  c:-ea:es ?inin: ; r ,  i x p a c t  on t h e i r  e f f o r t s .  W e  a r e  a l s o  
inves r iga i z ing  t h e  i c t e r f a c e s  r e q u i r e d  f o r  i n t e g r a t i o n  of t h e  power 
sys tem testbxi and t h e  E S C .  The ESC w i l l  p r o v i d e  o u r  advanced  
development p r o d y c t s  a rick environment  of  p r o c e s s e d  data  and  
g r a p h i c s  i n t e r f a c e s .  O u r  i n i t i a l  d e s i g n  f e a t u r e s  t h e  advanced  
development mac!iines communicating on a subnetwork and  u s i n g  one  of 
t h e  ESC machines  for p a s s i n g  che  d a t a  t o  and  from o u r  p r o d u c t s .  
T h i s  r n i n i r r l z e s  tne impac t s  on bc th  t h e  ESC and ou r  program. A f t e r  
t h i s  i n + , e r f c c e  i i z s  beer; dev2loSed and used  t o  i n v e s t i g a t e  testbed 
and autcmst  i(-!r. pr-;dlict per formances ,  w e  p l a n  t o  g e n e r a t e  s p e c i f i c  
a p p l i c a t i c r .  F;L-Y-'~-F?!'Is I t h a t  would d i r c t l y  reside on t h e  ESC 
p r o c e s s o r s .  
880 
l- 
o) 
Q, 
1 
0 > 
10 a 
9 
v) a 
Is 
.)lr 
.c.r 
4- .- 0 '5 
Y 
0 cv 
88 1 
N 
0) 
0) 
b) 
0) 
1 
6 
1 
I N  A NUTSHELL 
I n  t h e  e v e r  c h a n g i n g  e n v i r o n m e n t  of t h e  Space S t a t i o n  p rogram,  
power s y s t e r ; ,  management a n d  c D n t r o l  c o n t i n u e  t o  be c r i t i c a l  
deve lopmen t  i t e n s .  Our a d v a n c e d  deve lopmen t  p rogram i s  f o c u s s e d  on  
d e v e l o p i n g  d e c i s i o n - m a k l n g  aids f o r  o p e r a t o r s ,  e i ther  g r o u n d - b a s e d  
o r  f l i g h t - b a s e d .  I n  t h e  e f f o r t s  t o  fully u t i l i z e  e l e c t r i c  power a t  
a l l  t imes,  WE. n e e d  much a u t o m a t i o n .  W e  a re  s t r i v i n g  t o  p r o v i d e  
a u t o m a t i o r .  tzols w?,ich w i l l  a l l o w  t h e  S t a t i o n  t o  f l e x i b l y  a n d  
p r o d u c t i v e l y  rianage of one  of i t s  c r i t i c a l  r e s o u r c e s ,  e n e r g y .  
We a r e  t a r g e t i n g  o u r  p r o d u c t s  for t h e  g round-based  control c e n t e r s  
knowing t h a t :  chis i s  where t h e y  a re  needed i n i t i a l l y .  O p e r a t i n g  a 
Space  S t a z i o n  w i l l  be a monumental e f f o r t  a n d  p r o d u c t s  t o  r e d u c e  
t h e  w o r k l o a d  will p r o v e  t h e m s e l v e s  w e l l  w o r t h  t h e i r  d e v e l o p m e n t  
cos’,. A s  Space S t a t i c n  d e v e l o p s ,  t h e  n e e d  f o r  these p r o d u c t s  w i l l  
be onboard. We a r e  p r e p a r e c  t G  c o n t i n u e  o u r  e f f o r t s  a n d  p r o v i d e  
f l i g h z - q c s l i t y  p r c d u z t s .  
882 
0 
0 
c 
L 
.cI 
0 
c) 
883 
.clr 
f 
Q) 
8 
Ql 
ICI 
E 
P) 
m- 
i 
